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Fi gure 46(c). Bismark (1/700) - Starboard ; Scale: 1.336.
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Fi gure 47(a). Mogami (1/700) - Bow on; Scale: 0.676. 
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Fi gure 47(b). Mogami (1/700) - Stern ; Scale: 0.215.
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Figure 47(c). Mogami (1/700) - Starboard; Scale: 0.948.
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Fi gure 48(a). Heyanami (1/700) - Bow on; Scale: 0.148.
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Fi gure 48(c). Hayanami (1/700) - Starboard ; Scale: 0.464.
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Fi gure 49(a). Shimokaze (1/700) - Bow on; Scale: 0.066 .
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Fi gure 49(b) . Shimokaze (1/700) - Stern ; Scale: 0.079

72 LI I

~

-_ - • _ _ _ - _ _ • - - • • - _ - — •~~---~~-- —-—--,
~~~~

.-, • - •- 



“4

Figure 49(c). Shimokaze (1/700) - Starboard ; Scale: 0.246.
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2N . 2v.—. t G ( e ,~ ,p , j n w  H
fMo(0,~

,p.)t) 2.~ 2 — cos [nw 0t] . (45 )
n=l

Note that the response in Equation (45) utilizes only the ampli tudes
squared of the measure d harmonic sca tter ing data. No claim is made
that the matched fi l ter—type response is an ideal identification tool .
It is , however , one method for uti liz i ng widely se para ted , in frequency ,
measured scatterin g data whose phases are questionable. Also , as w i ll
be seen , the approach yields response waveforms more nearly compatible
w i th a comp lex natural resonanc e app roach in the sense of effec ti ng
decays. Matched filter-type responses for the vessels in Table I are
shown in order in Fi gures 50 throu qh 57 where , as before , three wave-
forms are shown in each figure . The fi lter res ponses are shown as
sol id curves ; the dashed curves are the responses obtained from finite
exponential approximations of the indicated portions of the solid
curves . We will discuss the exponential fits briefly at the end of this
section , indicating that the exponentials obtained must be interp reted
carefully . It can be seen from the matched fi l ter-type responses
however that good exponential fi ts can be obtained.

A summary of the comp lex ex ponentials ob taine d from app roximate
• fits of the matched fi l ter responses is given in Table II. The

response in Equation (45) can be viewed as an approximation to a
matched step response . It must be remembered however that calculations
as in Equation (45) are using a very few samples . It can be anticipated
that an exponential approximation of Equation (45) will require osci l-
la tory frequencies larger than in the original samples . It i s ma i nta i ned
that the complex numbers g ven in Table II are characteristic of the
vessels but no attem p t to associa te the numbers w i th par ticular
component structures is made . In a follow ing sec ti on it i s show n that
discr imination of the vessels can be achieved using the num bers in
Table II and a predictor-correlator processinq. However , Table II
shows that the numbers are not yet exc i ta ti on invariant. Swe pt frequency
measurements over the same bandwidth covered by the d i screte samp les
woul d be desirable and are planned for the future . An example of one
such measuremen t has been made . Two 1/700 scale models of the Missouri
we re connec ted at the wa terl ine us ing RF conduc ti ng tape . Th i s forms
a target-image pair. Th i s confi gurat i on was then p laced i n a string
holder used for free space swept frequency measurements . A bi— static
ang le of app rox imately 35° was used . Magnitude and phase information
were recorded covering the 2150 to 4000 MHz frequency range for both
vertical and horizontal polarization (results shown in Figures 58 and
59 respectively). Polarization is with respect to the plane of the
target-image junction. The bistatic separation is in the plane
orthogonal to the po lar i za ti on vec tors . For hor i zontal polar i za ti on,
three regions (large response resonances) are of interest for both
bow—on and stern-on incidence while nothing really si gnificant is seen
at broadside . Virtuall y the same situation exists for vertical polari-
zation. It is true that certain modes are missing wi th this type of
modeling but these woul d be included w ith the tar get on the ground p lane .
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TABLE II
COMPLEX POLES FROM SHIP DATA *

(Listed in order of decreasing residue magnitude )

Ship Bow 
-— 

Stern Starboar d

Midway (1/500) -5.83~j26.l -l8.2±j34.9 -2.l3tj27.2
8.Ol :j75.6 -36.7~j8l .5 -l.lO±jO.OO
-147±jO.OO -5.52±j126 -2.42±j74..O

26. 2tj 29.2

Missouri (1/500 ) -7.93~j9.7O O.795±jl3.2 —3.65’jl2 .4
-ll.7~jlO7 -82.7tjO.OO -l24±jO .00
-5.8l~ j5.98 -15.4±j87.4 -ll.3~j79 .l
2.89±j135

Sverdlov (1/500) -7.31 ~j26.O -O.l68±jl3 .5 -26.4±jl8.2
5.84±jO.O0 -12.9±j7l.7 2.O9±jO .OO

-l.l 3±jl0l —66.4±j192 — 12 .9±j95 .l

Missour i (1/700 ) -O.8li~j8.78 -l.O5±j9.29 -l9.l±jO .OO
-l .83±j42.3 -2.02±jO.OO -5O.8±jO.OO
-28.O~jl37 -4.99±j96.5 -18.3±j74.l

O .320tj 0.00

Bismark (1/700 ) -l5 .6±j27.O -16.4±jO.OO -3.43±jl8.6
-24.2~j98.9 -O.753±j33.3 -63.4±jO.OO
3.l5±j74.7 -3O .2±j89.8 —24.2tj61.7
l5 .5~j l8.O 

- 

7. 24 tj 0 .OO

Mogami (1/700) -5.l8~j15.6 -0.938±j7.O3 -4.9O±j8.33
-l46-jl37 -37.O~jO.OO -3.38±j45.2
-4.46±j28.l -2.89~j88 .6 -31 .3-jl37

Hayanarni (1/700 ) -l.63±j19.3 -l.66~jl9 .l -l0.3±j39.5
-2.l5±j38.9 — l .2O~j4l .5 — l .88±j17.5
-3.27±j97.7 _5 .37tj9l .0 -lO. 5±j65.2

-2.84tj 97 .6

Shimokaze (1/700 ) .-5.76±j28.8 -6.33±j30.6 -l6.7~j2O .6
-4.97~j5O.9 -44.4±j40.8 -25.8±j65.4
-O.724ij95.6 -8.42±j95.l -l .60±j54.8
2.92±jO.OO -2.96~j99.2
5. 85~ j89 .3

*TIIe poles are scaled such that the iniaqinary parts are in MHz.
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DATA FILE L SHP27
DATA ID z M IOWAY (1/500) —B OW ON
SHIFT t 0.0
NS TAR T 1 1
NLA ST s 200
e POLES s 5
VSCALE s ILI 673
NRM S ERR i 0.017858

‘V

-S
.

•“ I
Lii
Cf,
-V

Fi gure 50(a)
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DATA FILE s  SHP2S
DATA ID z M IDWAY (1/500 ) — STERN
SHIFT s 0 .0
NSTA RT s 1
NLAST 1 200
.F~ LES * 8
VSCRLE * I~,75~
NRMS ERR s 0.029719

CV

-S

Lii
(1W)

Figure 5 0 ( b )
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OATA FILE s SHP3 O
DATA ID s MIDWAY (1/500)—STABB0ARD
SHIFT s 00
NSTART * 1
NLAST s 200
* P~ LES s 5
VSCRLE s 586.8214
NFiMS ERR 0.006126

N

/ \
/

D~ 

r

~~~~~

/V U
I~~O

I 
‘

\ I I! r /~~~~~~~~~~~~~ ~~~~~~~~~~~~

N

- Fi gure 50(c)
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DATA FILE s SHP 1
DATA ID s MISSOUHI (1/50W —B0W ON
SHIFT t 0.0
N S TRAT I
NL A ST s 200
• POLES 8
VSCALE s 14.14014
NAIlS EAR t 0.013600

CV

-I

Ui
U,
z

V I ~ I ~ I V I

Fi gure 51(a)
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DATA FILE s SHP2I
DATA ID s M ISSOURI (1/500)—STERN
SHIFT * 0.0
N ST AA T * 1
NL A ST * 200
• POLES * 5
VSC ALE * 6 .953
HAM S ERR * 0.0351439

(V

~~~~~~~~~~
.

a7o

h 1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1

so \

~~~~~~~~oo

Fi gure 51 (b)
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DATA FILE s SHP23
DATA ID * MI SSOURI(1/500)— STRRBORRO
SHIFT * 0.0
NSTART * 1
NL A ST s 200
• POLES * 5
VSCALE * 180.5814
NAIlS ERR * 0.019890

‘V

-S

Li)

Fi gure 51(c)
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DATA FILE S SHP2 I.!

DATA ID s SVERDLOV (1/500) —B OW ON
SHIFT z 0.0
NSTRRT s I
P4 LR ST * 200
• POLES * 5
VSCALE i 20.14514
NA IlS ERR ‘ 0.008216

CV

-S

Lii
Ci,
z
C .—— — —

~35 D

N

Fi gure 52(a)
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DATA FILE S SHP25
DATA ID * SVEROLOV (I/500) - STERN
SHIFT * 0.0
NSTART * 1
NLRST * 200
• POLES * 5
VSCALE s 10.661
NRMS ERR * 0.0014110

.4

I I~~~~~~~~~~~ ( V V  I I\T

W J

~~ V I

Fi gure 52(b)
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DATA FILEs 5HP26
DATA ID s SVEROLOV (1/500) —STARBORRD
SHIFT * 0.0
NSTAA T * 1
NLRST * 200
• PCILES * 5
VSCALE * 10~4.963HA MS ERR * 0.0266614

Cd

-S

Lii
Cl)

L I

• Fi gure 52(c) _ 
-

I.
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DATA FILEs SHP15
DATA ID s MISS OUR I (1/700J —B6W ON
SHIFT $ 0.0
NSTA RT * 1
NLAST * 200
• POLES * 5
VSCA LE * 7.975
NA Il S ERR * 0.0~41179

N

-4

S

Figure 53(a) 
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DATA FILE s SHP16
DATA ID $ M ISSOUR I (1/700)—STERN
SHIFT s 0.0 1. -

NSTRRT * I
NLAST * 200
•POLES * 5 1.
VSCALE * 6.970
HAMS ERR i 0.066311

Fi gure 53(b)
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DATA FILE s SHP 17
DATA ID $ MI SSOURI (1/700)-STARBOAAD
SHIFT s 0.0
NST A RT s 1
NLAST $ 200
• POLES $ 5
VSCALE $ 147.930
NA Il S ERR s 0.0(49238

N

-S

‘U

I _____________
Lii — I I I I I I I I I I I I I I I I I

100 
SAMPLE 

300

Fi gure 53(c)
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DATA FILEs SHP3
DATA ID s BISMARK (1/700) —BON ON
SHIFT $ 0.0
NSTRRT s I
NLRST $ 200
* POLES $ 8
VSCA LE s 2.871
NRMS ERR t 0.052903

N

-I

Lii

/

Lii — I ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ f1 I V

~~ 0 100 200 300 IWO

/ 

SAMPLE \

Fi gure 54(a)
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1

DATA FILE s SHP2O
DATA ID $ BISMARK(1/700) —STERN
SHIFT 1 0 .0
NSTRRT * 1
NLA ST $ 200
• POLES $ 6
VSCALE $ 2 .597
NA IlS EAR $ 0.099977

N
I

• /
/

-4
- I

- -.~..- j

~~~~~~~~~
#/
/

I 

SA MPLE 
~~~~~~~~~~~~~~~~~~~~~ 

V

Fi gure 54(b)

89

--

~

- - - -- _ -—- - - --

~

--—.-— _- 



~

DATA FILE s SHPS
DATA ID s BISMARK (1/700) — STAA BORRD
SHIFT s- 0.0
NST AA T t 1
NLAST s 200
* POLES ‘.5 -
VSC A LE 5 . - 69.311 -NA IlS ERR ~~

. 0.018386

Al

-S

C
~
l -

Fi gure 54(c)
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DATA FILE s SHPLA
DATA ID s M 6 GA MI(1 / 7 0 0) — BOW ON

SHIFT $ 0 0
NST AA T $ 1
NLAST * 200
• POLES $ 5
VSCALE s 13.0(45
NAIlS ERR $ 0.010912

N

-S

‘U

Fi gure 55(a)

91

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~


